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Abstract

Higher levels of D-dimer, LDH, and ferritin, all have been associated with the poor prognosis of COVID-19. In a disease
where there are acute inflammation and compromised oxygenation, we investigated the impact of initial hemoglobin
(Hgb) levels at Emergency Department (ED) triage on the severity and the clinical course of COVID-19. We conducted
a cross-sectional study on 601 COVID-19 patients in a COVID-19 national referral center between 13 and 27 June 2020.
All adult patients presented at our hospital that required admission or hotel isolation were included in this study. Patients
admitted to the intensive care unit (ICU) had a lower initial Hgb than those admitted outside the ICU (12.84 g/dL vs.
13.31 g/dL, p = 0.026) and over the course of admission; the prevalence of anemia (Hgb < 12.5 g/dL) was 65% in
patients admitted to ICU, whereas it was only 43% in non-ICU patients (odds ratio of 2.464, 95% CI 1.71-3.52).
Anemic ICU patients had a higher mortality compared with non-anemic ICU patients (hazard ratio = 1.88, log-rank p
= 0.0104). A direct agglutination test (DAT) for all anemic patients showed that 14.7% of ICU patients and 9% of non-
ICU patients had autoimmune hemolytic anemia (AIHA). AIHA patients had significantly longer length of hospital stay
compared with anemic patients without AIHA (17.1 days vs. 14.08 days, p = 0.034). Lower Hgb level at hospital
presentation could be a potential surrogate for COVID-19 severity.
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Coronavirus disease 2019 (COVID-19) is a recently emerged

disease caused by the novel severe acute respiratory syndrome
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coronavirus 2 (SARS-CoV-2) [1]. COVID-19 has a wide
spectrum of manifestations, from asymptomatic infection to
complicated pneumonia with acute respiratory distress syn-
drome (ARDS) [2] together with other extra-pulmonary man-
ifestations [3]. Pneumonia in COVID-19 can be severe
resulting in diffuse alveolar damage and disrupting gas ex-
change [4]. Consequently, arterial oxygenation will be affect-
ed, and O, desaturation will be ensued [5]. Oxygen saturation
is a function of hemoglobin (Hgb) concentration, where a
decrease in Hgb will result in a decrease in the oxygen-
carrying capacity and subsequently arterial oxygen content
(Ca0,) [6]. Indeed, anemia alone can lead to critical end-
organ ischemia [7, 8]. As a result, treating anemia will im-
prove CaO, and subsequently tissue oxygen delivery (DO,).
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Accordingly, in some disorders where hemodynamic stability
is compromised, treatments achieving higher hemoglobin
levels may be required [9, 10].

Anecdotal evidence has shown that COVID-19 can cause a
progressive decrease in Hgb [11]. Anemia is a known conse-
quence of acute inflammation [12], which results in part from
disrupted iron homeostasis and suppression of erythropoietin
(Epo) [13]. In COVID-19 patients, iatrogenic active bleeding
[14] or secondary to disseminated intravascular coagulation
(DIC) can also potentially contribute to anemia [15]. On the
other hand, a plethora of reports showed that SARS-CoV-2-
infected individuals developed autoimmune hemolytic ane-
mia (AIHA) [16-20]. Nevertheless, the prevalence and impli-
cations of such findings remain to be elucidated. ATHA is
associated with many infections, particularly viral infections.
Both warm AIHA and cold agglutinin disease (CAD) have
been well described in the pathogenesis of infection-
associated AIHA [21], and both forms have been reported in
COVID-19 [17]. All these together, we hypothesized that
preexisting low Hgb levels are associated with worse
COVID-19 disease course. Here, we investigate the dynamic
relationship between SARS-CoV-2 infection and hemoglobin
levels at presentation and during the hospital stay in order to
determine the consequences of Hgb levels on COVID-19 and
vice versa.

Methods
Study design and statistical analysis

This cross-sectional study was conducted at King Saud
Medical City (Riyadh, Saudi Arabia). Institutional Review
Board (IRB) approval was obtained. We collected patients’
data by retrieving medical records using our electronic health
system Medisys® HIS (Riyadh, Saudi Arabia). These include
patients’ age, gender, vitals, laboratory results, length of hos-
pital stay (LoS), and status on discharge. Statistical analysis
and graphing were done using Graphpad Prism 8. For con-
tinuous variables, mean with standard deviation (sd) or medi-
an with interquartile length (iql) was calculated. Comparisons
and significance were calculated with two-tailed Student’s ¢
test for normally distributed data; otherwise, Mann—Whitney
U test is used. For normality testing, we used D’Agostino-
Pearson and Anderson-Darling tests. For graphic expression,
we used mean or median with 95% confidence interval.
Discrete variables were shown as absolute numbers and per-
centages and analyzed using Fisher’s exact test. A simple
linear nonparametric correlation between hemoglobin levels
and LoS were done. Finally, we used Kaplan—Meier analyses
and compared in-hospital survival for anemic and non-anemic
patients using the log-rank test (Mantel-Cox). A p < 0-05 is
considered statistically significant.
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Patients

All patients presented to our hospital’s Emergency
Department (ED) with signs and symptoms of COVID-19
were swabbed and isolated. Patients whose vitals were stable
(HR, 60-100; RR, 12-20; SpO, > 95%) and had appropriate
environment for home isolation were sent home for isolation.
Other than swabbing, no further tests were done. Before being
sent home, these patients were instructed on when to seek
medical care and how to self-isolate if they were tested posi-
tive. They were notified with their test result within 24 h.
Patients whose vitals were stable with unsuitable environment
for home isolation were provided with hotel rooms. If they
were tested positive for SARS-CoV-2, they continued their
hotel isolation for 14 days and received occasional medical
visits and laboratory tests, including all those related to this
study, during the isolation period. Patients whose vitals were
unstable were admitted to either general ward (GW) or inten-
sive care unit (ICU), depending on the early warning score
(EWS) [22], comorbidities, and laboratory values. Between
13 and 27 June 2020, all adult patients with a positive
SARS-CoV-2 PCR result (n = 601) from the aforementioned
three severity categories (Hotel, GW, and ICU) were included
in this study. Admitted patients were followed for 2 more
weeks to review their outcomes. In accordance with the
World Health Organization (WHO), we defined anemia as
having at least one reading of Hgb level below 12.5 g/dL.
during hospital follow-up.

SARS-CoV-2 PCR

All patients included in this study were confirmed COVID-19
cases using the RT-PCR cobas® SARS-CoV-2 from Roche
(Basel, Switzerland).

Complete blood counts, blood films, and biochemical
test

Complete blood counts (CBC) was done using the UniCel®
DxH 800 analyzer. Liver function test (LFT), renal function
test (RFT), and D-dimer were performed using the AU5800
Series Clinical Chemistry Analyzers. Ferritin was done using
the UniCel® DxI 800 immunoassay analyzer. All tests are
automated and from Beckman Coulter (Brea, CA).
Peripheral blood films were made using the Hematek 3000
System from Siemens (Munich, Germany) and slides exam-
ined by (K, NA).

Direct agglutination tests
All COVID-19 patients admitted to the hospital with at least

one anemic reading (Hgb < 12.5 g/dL) and higher than normal
LDH levels were screened for IgG and C3 DAT using



Ann Hematol (2021) 100:37-43

39

ORTHO VISION® MAX Analyzer from Ortho Clinical
Diagnostics (Raritan, NJ). Patients who were positive for
DAT and with a recent history of blood transfusion, autoim-
munity or AIHA, or lymphoproliferative disorder were ex-
cluded from our analysis.

Results

In a total of 601 adult patients confirmed by PCR to be infect-
ed with SARS-CoV-2 (Fig. 1), the mean Hgb level at ED
triage for patients requiring admission was significantly lower
than that of patients sent to hotel isolation (13.08 g/dL vs.
13.87 g/dL, p = 0.0004) (Fig. 2a). Moreover, among admitted
patients, the mean Hgb levels were significantly lower in pa-
tients admitted to ICU than in patients admitted to GW (12.84
g/dL vs. 13.31 g/dL, p = 0.026) (Fig. 2b). Our findings were in
line with other well-described predictors of severity, namely,
the triage level of platelets (244 x 10%/L vs. 296 x 10°/L p =
0.003) [23] (Fig. 2¢), D-dimer (1.65 mg/L vs. 1.5 mg/L, p =
0.038) [24] (Fig. 2d), LDH (559 U/L vs. 461 U/L, p = 0.035)
[25] (Fig. 2e), and ferritin (961.0 ng/mL vs. 637.0 ng/mL p =
0.001) [26] (Fig. 2f). One hundred sixty-three (65%) of pa-
tients admitted to ICU had anemic readings, whereas, only
111 (43%) of those admitted to GW had readings below
12.5 g/dL (Fig. 1) (odds ratio of 2.464, 95% CI 1.71-3.52)
(Fig. 2g). After admission, 93 (37.6%) ICU patients and 43
(16.8%) GW patients developed anemic readings. The drop in

Hotel Isolation l_| Vitally | | PCR Confirmed
n=94 Stable Cases n =601
i Vitally Unstable
Anemic
n=26 Hospital
Admission
I
¥ ¥
General Ward Intensive Care Unit
n=257 n=250
¥ ¥
Anemic Anemic
n=111 n=163

N/
Excluded n="7

Net Positive
n=734

Fig. 1 CONSORT patients flow chart. Patients presented to our facility
with respiratory symptoms between 13 and 27 June 2020 were tested for
SARS-CoV-2 infection by PCR. Patients with stable vitals were sent for
home isolation without further testing whereas those with unstable vitals
were admitted. Patients without suitable home for isolation were provided
with a hotel room and remained under our supervision. A total of 601
patients with confirmed SARS-CoV-2 infection were investigated for the
presence of anemia (Hgb < 12.5 g/dL). Anemic patients were screened for
autoimmune hemolytic anemia

hemoglobin levels was more pronounced in ICU patients
(12.84 g/dL to 9.50 g/dL, p = < 0.0001) compared with GW
patients (13.31 g/dL to 11.75 g/dL, p = 0.0006) (Fig. 2h).

There was no statistically significant difference in age or
gender between anemic and non-anemic patients (Fig. 3a and
data not shown, respectively). To investigate the potential
clinical importance of these findings, we examined LoS, as
an index for outcome. For GW patients, the mean LoS was
significantly longer in anemic patients than in non-anemic
patients (13.3 days vs. 10.8 days p = 0.011) (Fig. 3a). A
significant negative correlation between Hgb and LoS was
found (r = — 0.25, p = 0.0022). For patients admitted to
ICU, because of rapid patients’ turnover due to either transfer
out of ICU or death, we looked at in-hospital mortality as the
final outcome. Survival analysis showed that the mortality rate
was significantly higher in anemic patients (75 patients) than
in non-anemic patients (19 patients) (Fig. 3b) (log-rank p =
0.0104, 95% CI of hazard ratio 1.145 to 2.774).

We also determine the type of anemia based on the mean
corpuscular volume (MCV) and found that normocytic ane-
mia was most common among both ICU and GW patients
(129 patients at 79.1% and 79 patients at 71.1%, respectively)
(Fig. 4a). Microcytic anemia was more common among GW
patients (29 in GW 26.1% vs. 22 in ICU 13.4%), while mac-
rocytic was more common among ICU in patients (3 in GW
2.7% vs. 19 in ICU 7.3%). Because of that, we did a direct
agglutination test (DAT) for all patients with anemic readings
regardless of their initial site of admission. Seven patients
were excluded for having a history of blood transfusion within
the past 3 months (n = 2), history of autoimmunity (n = 2), or
lymphoproliferative disorder (n = 3), all of which could be
confounding factors for positive DAT. Among those tested,
34 patients were DAT positive (Fig. 1), all have met our in-
clusion and exclusion criteria, 10 patients were initially admit-
ted to GW (9% of GW anemics), and 24 were admitted to [CU
(14.7% of ICU anemics) (Fig. 4b). On determining the type of
DAT, only one patient had C3 type alone, while six had both
IgG and C3 and 27 had IgG only (Fig. 4c). Among patients
with anemic readings, the mean triage Hgb levels for DAT
positive patients were lower than that of those with negative
DAT (12.21 g/dL vs. 13.08 g/dL, p = 0.043) (Fig. 4d). Indirect
bilirubin level was slightly higher in DAT positive patients
(6.1 umol/L vs. 5.8 umol/L); however, the difference was
not statistical significance (Fig. 4e). Routine peripheral blood
films for DAT-positive patients showed spherocytosis, which
confirms AIHA (Fig. 4f). No schistocytes were found. Finally,
DAT-positive patients had a higher LDH compared with
DAT-negative patients (730 U/L vs. 620 U/L p = 0.005)
(Fig. 4g).

There was no statistically significant difference in age or
gender between DAT-positive and DAT-negative patients
(Fig. 5a and data not shown, respectively). We found a mor-
tality rate of 32.35% among DAT-positive patients, while it
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Fig. 2 Hematological parameters at ED triage. a Mean hemoglobin level
for patients admitted to the hospital and patients isolated in hotels. b Mean
hemoglobin level for patients admitted in general wards (GW) and pa-
tients admitted in intensive care units (ICU). ¢ Median platelets count in
GW patients and in ICU patients. d Median D-dimer level in GW patients
and in ICU patients. e Median LDH level in GW patients and in ICU

was 26.65% among DAT-negative patients (Fig. 5b), which
was not statistically significant. However, DAT-positive pa-
tients had a significantly longer LoS than DAT-negative pa-
tients (17.1 days vs. 14.08 days, p = 0.034) (Fig. 5c).

Discussion

We demonstrate a relationship between hemoglobin level at
presentation and the disease course among COVID-19 pa-
tients. A lower hemoglobin level is associated with more se-
vere disease course and a higher mortality rate. We also found
a progressive dropping of Hgb levels among admitted
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patients, 37% of ICU patients and 16% of GW patients devel-
oped anemic readings while in the hospital. This drop in Hgb
can be attributed to inflammation associated with COVID-19.
In acute inflammation, a decrease in the hemoglobin level is
expected due to many complicated mechanisms, the best
known among which is cytokines-induced iron metabolism
dysregulation and inhibition of Epo formation [12]. In
COVID-19 patients, there is also a higher propensity to bleed
due to either iatrogenic anticoagulation or DIC; both can be
additional contributing factors for the decrease of Hgb. Since
ICU patients have a deeper decline in Hgb, our data suggests
that the drop is related to the severity of inflammation associ-
ated with SARS-CoV-2 infection. Regardless of the inciting
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Fig. 3 Outcomes of anemic patients. a Median age of anemic and non-
anemic patients. b Mean length of hospital stay (LoS) for patients admit-
ted in GW, anemic indicates patients with Hgb < 12.5 g/dL. ¢ Survival
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Fig. 4 Types of anemia observed in COVID-19 patients. a Number of
anemic patients based on mean corpuscular volume (MCV): microcytic if
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Prevalence of direct agglutinin test (DAT)-positive patients among GW
anemic patients (Hgb < 12.5 g/dL) and ICU anemic patients. ¢ Number of
patients with the indicated type of DAT reaction. d Mean hemoglobin

causes of anemia, we showed a correlation between Hgb
levels and LoS in GW patients and a higher mortality rate
among ICU anemics.

AIHA is another potential cause of anemia and has been
associated with COVID-19. To the best of our knowledge, we
are the first to report the prevalence of AIHA among COVID-
19 patients. We found that 14% of anemic ICU patients and
9% of anemic GW patients had positive DAT and
spherocytosis. Although we did not measure the haptoglobin
level for all of our anemic patients, the presence of
spherocytes in blood films is a stronger indicator of AIHA
[21]. Interestingly, not only AIHA but also other immune
dysregulation phenomena have been reported in COVID-19
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patients [27, 28]. Immune thrombocytopenia (ITP) [29],
Guillain—Barré syndrome (GBS) [30], and the multi-system
inflammatory syndrome [31], all have been described in
COVID-19 patients. In our study, the overwhelming presence
of the IgG-type rather than the C3-type AIHA suggests a
global immune dysregulation rather than a simple IgM
cross-reaction [32]. On that same note, we find
hemophagocytic lymphohistiocytosis (HLH) is emerging as
a recognizable cause of death in SARS-CoV-2 infection
[26]. Finally, we showed a mortality rate of 32% and a longer
LoS among anemic DAT-positive patients in comparison with
other anemic patients, emphasizing the clinical importance of
such a finding. Generally, the demonstration of active AIHA
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is an indication to start corticosteroids therapy [33, 34].
However, in such a scenario, further investigations are
needed.

Although the drop in hemoglobin levels observed in this
large cohort of patients is considered clinically mild to mod-
erate, it is likely to augment the arterial O, content (CaO,)
decrement. Indeed, acute parenchymal lung injury due to
COVID-19 pneumonia will result in a decrease in arterial
partial O, pressure (PaO,) and arterial O, saturation (SaO,)
[5]. With that, we can extrapolate decline in arterial O, content
(Ca0,) = (Hgb x 1.36 x Sa0,) + (0.0031 x PaO,). This de-
cline in oxygen content will result in a decrease in oxygen
delivery (DO,) and subsequent tissue hypoxia. The Hgb level
is a variable in this equation and will affect its outcome. The
Hgb concentration is directly proportionate to CaO,, which is
a function of DO, where DO2 = CaO, x cardiac output (CO)
[35].

Based on this mathematical formula, now it is the standard
of practice to have a low transfusion threshold when DO, is
compromised. For example, in acute coronary syndrome
(ACS) and due to CO compromise, higher targets of Hgb
are required to compensate for CO deficit as compared with
other anemic patients [10]. Those ACS patients with anemic
readings tend to have a worse prognosis and correcting ane-
mia will mitigate ACS severity [36, 37]. In acute chest syn-
drome seen in sickle cell anemia patients, the pathogenesis of
DO, deficit stems from the other variable in the above equa-
tion [38]. Rather than the standard restrictive transfusion ap-
proach, CaO, decline in acute chest syndrome is also treated
with a liberal blood transfusion in order to achieve a higher
Hgb target [39, 40]. Because COVID-19 patients have de-
creased Sa0, and PaO,, they therefore have decreased CaO,
and DO,. Moreover, the Hgb level is a known important play-
er in DO, pathology. Our study clearly shows that anemic
COVID-19 patients have worse prognosis. However, demon-
strating that correcting anemia attenuates COVID-19 severity,
like in the aforementioned ACS and acute chest syndrome
patients, is beyond the scope of this study and requires further
work.

Our study provides evidence that lower hemoglobin at pre-
sentation is associated with poorer prognosis. Early recogni-
tion of those at risk might warrant a lower threshold for earlier
and more aggressive medical intervention. Our work is the
basis for future investigations on anemia and COVID-19
where anemia is manageable and reversible. The same goes
for AIHA where early recognition is necessary as it may re-
quire a different approach in management.
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